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Background. Depression is associated with mortality in
everal cardiovascular populations, but has not been
valuated in patients undergoing cardiac valve surgery.
ecause identifying nonsurgical mediators of survival is

mportant for accurate risk adjustment and the develop-
ent of interventions to improve outcomes of care, we

valuated the hypothesis that depression predicts mor-
ality following cardiac valve surgery.

Methods. This prospective cohort study enrolled 648
atients undergoing valve surgery at 14 Veteran Admin-

stration hospitals. A preoperative mental health inven-
ory (MHI) depression screen was performed in all pa-
ients and patients were classified as depressed or not
epressed using the standard MHI cutoff score of less

han or equal to 52. Multivariable logistic regression was
sed to evaluate the association between depression and
-month all-cause mortality, adjusting for other clinical
isk variables.

Results. Overall, 29.2% (189/648) of the patients were
epressed at baseline. Depressed patients were younger,

ore frequently had New York Heart Association class
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II/IV symptoms, and more likely required emergent
urgery, preoperative intravenous nitroglycerin, or in-
raaortic balloon pump. Unadjusted 6-month mortality
as 13.2% for depressed patients compared with 7.6% for
ondepressed patients (p � 0.03). In multivariable anal-
ses, depression remained significantly associated with
ortality (odds ratio 1.90; 95% confidence interval 1.07 to

.40, p � 0.03). These findings were consistent across
ubgroups of patients undergoing aortic valve replace-
ent, mitral valve replacement and valve replacement
ithout coronary artery bypass graft.
Conclusions. Preoperative depression is an indepen-

ent risk factor for mortality following cardiac valve
urgery. Depression screening should be incorporated
nto preoperative risk stratification, and future studies
re warranted to determine if preoperative or postopera-
ive interventions to treat depression can improve out-
omes.

(Ann Thorac Surg 2005;79:1255–9)

© 2005 by The Society of Thoracic Surgeons
here has been a steady increase in the number of
cardiac valve surgeries over the last 20 years in the

nited States, with more than 80,000 procedures per-
ormed in the year 2000 [1]. Operative mortality varies
epending on the position of the valve, concomitant
oronary artery bypass graft (CABG) surgery, and ur-
ency of the procedure, ranging from 4.3% for isolated
ortic valve replacement to 18.8% for multiple valve and
ABG surgery [2]. Preoperative assessment of mortality

isk is routinely performed in patients undergoing valve
urgery and factors such as emergency/salvage proce-
ure, recent myocardial infarction, reoperation, renal

ailure, and older age are associated with increased
ortality risk [3, 4].
In addition to the established clinical factors, there may

e utility in assessing novel predictors of survival for
ccurate risk adjustment and the development of inter-

ccepted for publication Sept 24, 2004.
entions to improve care. Depression is common among
atients with cardiovascular diseases, with a prevalence
s high as 27% to 47% among patients undergoing CABG
urgery [5–7]. For CABG surgery patients, preoperative
epression has been associated with significant postop-
rative morbidity and mortality [6, 8–10]. To date, how-
ver, depression has not been evaluated as a predictor of
ortality for cardiac surgery in nonischemic states such

s valve surgery. The objective of this study was to
etermine the prevalence of preoperative depression and
hether preoperative depression was independently as-

ociated with mortality following valve surgery.

atients and Methods

atients
atients were enrolled in the Department of Veteran’s
ffairs Cooperative Study in Health Services #5, “Pro-

esses, Structures, and Outcomes of Care in Cardiac
urgery” (PSOCS), a multicenter, prospective, observa-
ional study investigating the linkages between processes

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2004.09.047
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nd structures of care and risk-adjusted outcomes. De-
ails of the study have been published previously [11].
even hundred thirty-four variables representing pa-

ient-related risk factors, processes, structures and out-
omes of care were collected on a representative sample
f 4,969 patients who underwent cardiac surgery at 14
eteran’s Administration (VA) medical centers between
eptember 1992 and December 1996. Clinical and proce-
ural data were prospectively collected by patient inter-

able 1. Preoperative Clinical Risk Variables of the Study Po

ariable
De

(

ge, mean (SD) 6
ale gender

ody surface area m2/kg, mean (SD)
rior heart surgery
ypertension
YHA functional class III or IV
CS angina functional III or IV
yocardial infarction within 7 days

urgical priority, urgent or emergent
ntravenous nitroglycerin
ntra-aortic balloon pump
T-segment depression on preoperative ECG
eft ventricular ejection fraction � 0.45
eft main coronary artery disease
vessel coronary artery disease
hronic obstructive pulmonary disease
erum creatinine mg/dL, mean (SD)
iabetes
erebrovascular disease
eripheral vascular disease

Data are expressed as percentages unless otherwise indicated.

CS � Canadian Cardiovascular Society; ECG � electrocardiogram;

able 2. Univariate Predictors of 6-Month Mortality

ariable O

ntraaortic balloon pump
ntravenous nitroglycerin
hronic obstructive pulmonary disease
ypertension
urgical priority, urgent or emergent
eripheral vascular disease
T-segment depression on preoperative ECG
alve plus CABG surgery
erebrovascular disease
YHA functional class III or IV
epression
ge, per 10-year increment
iabetes
erum creatinine, per 0.83 mg/dL increment
ABG � coronary artery bypass graft; ECG � electrocardiogram; NYH
iew and chart review within 72 hours before surgery by
ull-time, trained research nurses located at each of the
4 sites. The baseline mental health inventory (MHI)
epression screen was provided to the patients for self-
dministration. If a patient was unable to complete the
HI, the survey was completed by means of a personal

nterview with the research nurse.
The patients included in the current analysis were all

hose enrolled in the PSOCS who underwent valve

ion (N � 648)a

sed %
189)

Not Depressed %
(n � 489) p Value

11.2) 66.2 (9.4) 0.01
3 98.3 0.13
0.20) 1.9 (0.19) 0.28
6 17.0 0.43
0 47.5 0.13
7 59.7 0.06
2 31.8 0.68
5 0.2 0.52
0 4.1 �0.01
7 1.9 0.05
5 0.2 0.04
3 12.9 0.41
3 28.5 0.17
9 8.2 0.89
7 13.1 0.90
8 14.2 0.83
0.9) 1.3 (0.7) 0.40
9 19.2 0.50
6 16.8 0.24
0 22.2 0.11

YHA � New York Heart Association; SD � standard deviation.

Ratio
95% Confidence

Intervals p Value

1 1.40–73.0 0.02
02 1.38–11.7 0.01
53 1.95–6.36 0.03
39 1.35–4.22 �0.01
37 0.99–5.65 0.05
15 1.23–3.74 �0.01
11 1.11–4.02 0.02
11 1.23–3.65 �0.01
95 1.07–3.56 0.03
94 1.06–3.56 0.03
85 1.07–3.18 0.03
85 1.32–2.61 �0.01
69 0.92–3.11 0.09
40 1.16–1.71 �0.01
pulat

pres
n �

3.9 (
96.

1.9 (
19.
54.
67.
30.

0.
10.
4.
1.

15.
28.
7.

12.
14.

1.3 (
16.
20.
28.
dds

10.
4.
3.
2.
2.
2.
2.
2.
1.
1.
1.
1.
1.
1.
A � New York Heart Association.
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urgery with or without concomitant CABG and com-
leted a preoperative MHI. Of the 902 valve surgery
atients enrolled in the PSOCS study, 648 (71.8%) com-
leted a baseline MHI. The primary reason for missing

he baseline MHI was urgent or emergent surgical prior-
ty. Therefore, the study population included predomi-
antly elective patients. Excluded patients were more

ikely to have recent myocardial infarction, Canadian
ardiovascular Society angina (CCS) class III or IV,
T-segment depression on preoperative electrocardio-
ram, cerebrovascular disease, chronic obstructive pul-
onary disease (COPD), or to have required preopera-

ive intravenous nitroglycerin or intraaortic balloon
ump.

ariables
he primary predictor variable of interest was depression
ased on the MHI depression screen. The MHI-5 is a
ve-item measure developed for the Rand Health Insur-
nce Experiment, and has been found to be a reliable
easure with strong convergent and discriminatory va-

idity [12–14]. The MHI-5 has been validated against the
eference standard for depression, the structured psychi-
tric interview [15]. When compared to the diagnostic
nterview schedule, the MHI-5 demonstrated substantial
apability for detecting depression with an area under
he receiver operator curve of 0.89 [12]. Responses to the
ve items are summed and the scores are converted to a
to 100 scale, with higher scores indicating better mental
ealth. Patients can be categorized as depressed or non-
epressed based on an established cutoff score of equal

o or less than 52 [16].
Candidate preoperative clinical variables for risk-

djustment in the mortality analyses were derived from
he published literature in both VA and non-VA popula-
ions [2–3, 17]. These demographic, cardiac, and noncar-
iac variables are listed in Table 1.
The outcome variable was all-cause mortality within 6
onths of the date of valve surgery. Vital status was

etermined by the research nurses and confirmed using
he Department of Veterans Affairs Beneficiary Identifi-
ation and Record Locator System. This method is com-
arable to the National Death Index in terms of com-
leteness of the assessment for mortality in the VA
opulation [18].

tatistical Analyses
aseline characteristics of the depressed and nonde-

able 3. Multivariable Predictors of 6-Month Mortality After

ariable

hronic obstructive pulmonary disease
epression
ypertension
ge (per 10-year increment)
erum creatinine (per 0.83 mg/dL increment)

I � confidence interval; OR � odds ratio.
ressed patients were compared using the �2 test for 1
ategorical variables and the t test for continuous vari-
bles. Univariate logistic regression was performed to
ssess the unadjusted association between candidate
ndependent variables (depression and the clinical risk
ariables listed in Table 1) and 6-month mortality. Mul-
ivariable logistic regression with backward selection (p

0.10 to enter; p � 0.05 to remain in model) was used to
ssess the independent relationship between depression
nd 6-month mortality, adjusting for the clinical risk
ariables.
Secondary analyses were performed to evaluate the

elationships between depression and mortality in sub-
roups of patients undergoing mitral valve replacement,
ortic valve replacement, and valve replacement without
oncomitant CABG. Two-way interaction terms between
epression and each of these subgroups were evaluated

n the multivariable model.
Furthermore, because missing survey data can poten-

ially bias risk models (ie, selection bias from survey
onresponders), propensity score analysis was per-

ormed to assess for bias due to missing questionnaires
19, 20]. A propensity score was derived for each patient,
stimating the likelihood that a patient would complete a
aseline MHI depression screen. This propensity score
as then used in the multivariable models for risk

djustment. Analyses were performed using the SAS
tatistical package version 8.0 (SAS Institute, Cary, NC).
he study was approved by the Colorado Multiple Insti-

utional Review Board.

esults

aseline characteristics of the study population are listed
n Table 1. Compared to nondepressed patients, de-
ressed patients were younger and more likely had New
ork Heart Association (NYHA) functional class III or IV
ymptoms. In addition, depressed patients more likely
equired urgent or emergent surgery, preoperative intra-
enous nitroglycerin or peroperative intraaortic balloon
ump.
Unadjusted 6-month mortality was 13.2% for depressed

atients and 7.6% for nondepressed patients. Univariate
redictors (p � 0.10) of 6-month mortality are shown in
able 2. In unadjusted analysis, depression was associated
ith 6-month mortality with an odds ratio (OR) of 1.85 (95%

onfidence interval [CI] � 1.07–3.18; p � 0.03).
In multivariable analysis, depression remained a sta-

istically significant predictor of 6-month mortality (OR

iac Valve Surgery

R 95% CI p Value

.42 1.84–6.38 �0.01

.90 1.07–3.40 0.03

.89 1.04–3.42 0.04

.83 1.28–2.64 �0.01

.39 1.14–1.70 �0.01
Card

O

3
1
1
1
1

.90; 95% CI 1.07–3.40; p � 0.03). Other statistically
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ignificant predictor variables for mortality in this model
ncluded history of COPD, history of hypertension, older
ge, and higher serum creatinine (Table 3). The associa-
ion between depression and mortality was consistent
cross subgroups of patients undergoing aortic valve
eplacement, mitral valve replacement, and valve re-
lacement without CABG (p value for interaction be-

ween depression and surgical subgroups � 0.10). Fi-
ally, propensity score analyses assessing for bias due to
issing questionnaires did not alter our primary

ndings.

omment

he objective of this study was to determine the preva-
ence of preoperative depression and whether depres-
ion was predictive of mortality following valve surgery
n a multicenter cohort of VA patients. We found that
early 1 in 3 patients had significant depressive symp-

oms at baseline. Furthermore, preoperative depression
as an independent predictor of 6-month mortality, with
1.9-fold increased odds of death, even after adjustment

or the traditional clinical risk variables. This finding was
onsistent across subgroups of aortic valve replacement,
itral valve replacement, and valve replacement without
ABG.
The prevalence of depressive symptoms before cardiac

alve surgery found in this study (29.2%) can be com-
ared with previous studies reporting a prevalence of
ctive depressive symptoms of 27% to 47% in patients
ndergoing CABG surgery, 30% in patients with heart

ailure, and 17% to 65% in patients who have suffered a
yocardial infarction [5–7, 21, 22]. This study therefore

dds to the existing evidence that depression is particu-
arly common in cardiovascular populations, with a sig-
ificantly higher prevalence than is found in general
edicine populations and approximately threefold

igher prevalence than the general population [23, 24].
Prior studies have focused on the link between depres-

ion and cardiac surgery for ischemic heart disease, ie,
oronary artery bypass and these studies have demon-
trated that depression can have a significant impact on
utcomes after CABG surgery. Pre-CABG depressive
ymptoms have been associated with postoperative de-
ression, continued surgical pain, and failure to return to
revious activities at 6 months [6, 10]. In addition, de-
ression before CABG surgery has been associated with

onger lengths of stay, higher rates of hospital readmis-
ion within 6 months, and a greater need for repeat
rocedures [8]. Finally, depressive symptoms have been
ssociated with increased short- and long-term mortality
fter CABG surgery [5–7]. This study examines the im-
act of depression on mortality following cardiac surgery

or nonischemic states, such as valve surgery. The find-
ngs of this study, coupled with the existing literature,
ighlight the significant impact of depression on out-
omes after cardiac surgery, including both CABG and

alve surgery. d
Our finding that preoperative depression is an inde-
endent predictor of mortality following valve surgery is
lso consistent with previous studies demonstrating that
epression is associated with increased mortality and
orbidity among patients with other cardiovascular con-

itions. For example, depressive symptoms are indepen-
ently predictive of mortality up to 5 years after acute
yocardial infarction, and have also been shown to

redict major cardiac events following unstable angina
25, 26]. In heart failure populations, depression is asso-
iated with increased rates of mortality and rehospital-
zation for heart failure, and has been shown to predict
orsening of heart failure symptoms and health-related
uality of life [21, 27]. Furthermore, depressive symptoms
t the time of cardiac catheterization are associated with
n increased risk of cardiac death over long-term fol-
ow-up (eg, 19 years) [28]. These studies underscore the
ignificance of depression as a risk factor for adverse
utcomes among patients with various cardiovascular
onditions.

The results of this study, taken together with previous
tudies of CABG surgery patients, highlight the impor-
ance of considering the assessment of preoperative
epression among cardiac surgery patients both for the
urposes of refining risk stratification and for identifying
otential opportunities to improve patient care. Among
atients with similar clinical risk profiles, depression

dentifies higher-risk patients before the operation. Fur-
hermore, treatment of depression among patients with
ardiovascular diseases may lead to improved outcomes.
lthough this has not been assessed in cardiac surgical
opulations, two studies have assessed depression treat-
ent in patients after unstable angina or myocardial

nfarction. In the SADHART study, there was a nonsig-
ificant trend towards a reduction in mortality, MI,
ngina, heart failure and a composite of these endpoints
n patients post-MI treated with the antidepressant ser-
raline [29]. In posthoc analysis of the ENRICHD study,
atients receiving a selective serotonin reuptake inhibi-

or to treat depression had lower cardiovascular and
ll-cause mortality [30]. Thus, the existing evidence sug-
ests that the routine assessment of depression among
atients considering cardiac surgery may be useful. Fur-

hermore, future studies to determine if preoperative or
ostoperative interventions to treat depression can im-
rove outcomes for such patients are warranted.
Although the specific mechanisms underlying depres-

ion and increased mortality after valve surgery are not
nown, there have been several proposed links between
epression and adverse cardiovascular outcome [5, 24].
hese potential mechanisms include direct influence on
ealth-related behaviors, such as smoking, poor compli-
nce with treatment, or inactive lifestyle and multiple
otential pathophysiologic pathways such as effects on
yocardial perfusion, autonomic nervous system regu-

ation, platelet activation, hypothalamo-pituitary-adrenal
xis activity, and inflammatory processes [5]. Some of
hese mechanisms may explain the association between

epression and increased mortality after valve surgery,
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ut further studies are needed to clarify these potential
ssociations.
Several issues should be considered in the interpreta-

ion of this study. The population was largely a male
eteran population, which may limit the generalizability
f our findings to other settings. Second, the population

ncluded only patients with a preoperative MHI depres-
ion survey, conferring a bias toward more elective,
ower-risk patients. However, it can be logistically diffi-
ult to obtain a patient survey on urgent or emergent
ases, and such patients often have pressing indications
or valve surgery. Our study population may therefore
eflect a realistic population in which one may consider
aseline depression screening as part of the preoperative
valuation. Furthermore, we used propensity score anal-
sis to adjust for potential bias due to missing question-
aires, and this adjustment did not alter our primary
ndings.
In conclusion, this study demonstrates that depression
as an independent predictor of mortality following

alve surgery. Depression screening should be consid-
red as part of preoperative risk stratification, and future
tudies are warranted to determine if preoperative or
ostoperative interventions to treat depression can im-
rove outcomes for such patients.

he PSOCS study was funded by the Cooperative Studies
rogram of the Department of Veteran Affairs Office of Research
nd Development. This study was supported by an American
edical Association Foundation Seed Grant. Doctor Ho was

upported by a National Institutes of Health NRSA Award (F32
L69596). Doctor Masoudi is supported by a National Institutes

f Health Research Career Award (K08-AG01011). Doctor Rums-
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